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Abstract. – OBJECTIVE: To investigate the 
biological role of micro-ribonucleic acid (miR)-
29a in non-small-cell lung cancer (NSCLC).

PATIENTS AND METHODS: 55 cases of NS-
CLC tissue specimens and paired normal lung 
tissue specimens collected in the Department 
II of Oncology, Ruikang Hospital Affiliated to 
Guangxi University of Chinese Medicine from 
July 2012 to April 2015 were randomly included. 
The fluorescent quantitative polymerase chain 
reaction, Western blotting, and immunohisto-
chemistry were performed to detect the expres-
sion levels of miR-29a and metastasis suppres-
sor 1 (MTSS1). Pearson correlation analysis was 
utilized to investigate the relationship between 
miR-29a expression and MTSS1 expression in 
NSCLC tissues, and the Kaplan-Meier survival 
curves were constructed to analyze the associa-
tion of miR-29a expression with the survival time 
of NSCLC patients. A54 proliferation and inva-
sion abilities were measured by means of plate 
clone formation assay, and transwell assay after 
the miR-29a was suppressed by miRNA inhibi-
tor. Luciferase assay was used to detect the tar-
get gene of miR-29a.

RESULTS: In NSCLC tissues, the miR-29a ex-
pression level was higher than that in normal 
lung tissues (p<0.05), while the expression lev-
el of MTSS1 protein was remarkably lower than 
that in normal lung tissues (p<0.05). The median 
survival time of the patients was 15.1 months in 
high miR-29a expression group and 18.3 months 
in low miR-29a expression group (p<0.05). The 
miR-29a expression was negatively correlat-
ed with the expression level of MTSS1 protein 
in NSCLC tissues (r=-0.762, p<0.05). Luciferase 
results suggest that miR-29a binds to the pro-
moter region of MTSS1 and inhibits its transcrip-
tion level. The expression of MTSS1 protein was 
up-regulated notably after miR-29a knockdown 
by an inhibitor. It was revealed in the results of 

transwell assay and plate clone formation as-
say that the proliferative and invasive capacity 
of A549 cells was significantly decreased after 
knockdown of miR-29a.

CONCLUSIONS: The transcribed miR-29a 
down-regulates the protein level of MTSS1, sup-
pressor of tumor proliferation and invasion, 
thereby promoting the proliferative and inva-
sive capacity of NSCLC cells. Both miR-29a and 
MTSS1 are expected to become potential thera-
peutic targets for NSCLC.
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Introduction

Non-small-cell lung cancer (NSCLC) accoun-
ts for 80%-85% of all the lung cancers. The lung 
cancer in approximately 90% of male patients 
and 80% of female patients is associated with 
smoking1,2. The disease manifests later symptoms 
when it is definitely diagnosed in most cases, and 
most patients have local invasions or distant me-
tastases which are difficult to be treated. There-
fore, it has always been a hotspot for lung cancer 
research to seek for early diagnosis and treatment 
methods3. The invasion and metastasis of lung 
cancer is a multivariate and multi-stage process 
whose mechanism involves the proliferation of 
tumor cells, degradation of cell matrix, migration, 
adhesion, and invasion, as well as inactivation of 
multiple tumor suppressor genes and overexpres-
sion of oncogenes4. Although a large amount of 
research has covered the occurrence and develop-
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ment mechanisms of the invasion and metastasis 
of lung cancer so far, the detailed molecular me-
chanism is still not elucidated. In consequence, 
searching new molecular markers and therapeu-
tic targets associated with lung cancer invasion 
and metastasis, investigating their mechanisms 
of action in the processes as well as their corre-
lations with degree of differentiation, metastasis 
and prognosis of malignant lung cancer, and de-
signing reasonable therapeutic drugs are of great 
significance for the improvement of the patients’ 
survival rate.

Micro-ribonucleic acids (miRNAs) are a ca-
tegory of small noncoding RNAs with a length 
of about 22 nucleotides, which can regulate the 
gene expression at the levels of transcription and 
translation. The miRNAs can bind to the 3’un-
translated region (UTR) of target messenger RNA 
(mRNA) and silence its homologous target genes 
by means of specific binding and mRNA cutting 
or inhibition of its translation5. A growing amount 
of evidence has suggested that miRNAs may be 
regulators of plenty of basic biological processes 
such as embryo formation and organ develop-
ment6. A single mRNA can regulate specific gene 
expressions by controlling a key mRNA target or 
several mRNA targets7. Similar to other forms of 
gene regulation, miRNA has been proven to par-
ticipate in human cancers, acting as an oncogene 
or tumor suppressor8. It is demonstrated that some 
miRNAs can be regarded as suppressor genes or 
oncogenes, including miRNA-10b (miR-10b) that 
accelerates tumor cell metastasis and miR-335/
miR-126 that represses breast cancer metastasis9.

Some studies have discovered that miR-29a is 
overexpressed in prostate cancer and has a cor-
relation with poor prognosis of the patients10. 
However, there is no research on its function and 
mechanism of action in NSCLC, so this research 
aims to investigate the biological role and molecu-
lar mechanism of miR-29a in NSCLC, hoping to 
provide novel molecular biomarkers for NSCLC 
diagnosis and treatment test.

Patients and Methods

Clinical Data
A total of 55 cases of NSCLC tissue specimens 

and paired normal lung tissue specimens collected 
in the Department II of Oncology, Ruikang Ho-
spital Affiliated to Guangxi University of Chine-
se medicine from July 2012 to April 2015 were 
randomly included. There were 30 males and 25 

females aged 42-77 years old. As for pathological 
type, there were 24 cases of adenocarcinoma and 
31 cases of squamous cell carcinoma. On the basis 
of the principles of tumor-node-metastasis (TNM) 
staging published by the International Associa-
tion for the Study of Lung Cancer (IASLC), there 
were 22 cases of stage I-II cancer and 33 cases of 
stage III-IV cancer. All the enrolled patients were 
definitely diagnosed through biopsy and received 
no antitumor therapy before the enrollment. Sur-
gical treatments were performed after enrollment 
to collect the postoperative NSCLC tumor and 
paired normal lung tissue specimens, and all the 
patients were followed-up for 30 months after 
the operation. This research was approved by the 
Ethics Committee of Department II of Oncology, 
Ruikang Hospital affiliated to Guangxi University 
of Chinese Medicine. The signed informed con-
sent was obtained from the enrolled patients.

Main Reagents
The cell line A549 of NSCLC was purchased 

from Shanghai Cell Bank of Chinese Academy of 
Sciences, Shanghai, China. The miRcute miRNA 
isolation kit using adsorption column, miRNA 
first-strand complementary deoxyribonucleic acid 
(cDNA) synthesis kit, miRNA fluorescent quanti-
tative polymerase chain reaction (PCR) kit, miR-
29a primer and internal control were bought from 
TIANGEN Biotechnology Co., Ltd (Beijing, Chi-
na). The miR-29a inhibitor and transfection rea-
gent were purchased from GenePharma Co., Ltd, 
Shanghai, China.

Detection of miR-29a Expression Level 
Via Fluorescent Quantitative PCR

Total RNA was extracted using RNeasy Mini 
Kit (Qiagen, Redwood, CA, USA). Bio-Rad (Her-
cules, CA, USA). iScript™ cDNA synthesis kit 
was used for reverse transcripted by the stem-ring 
method, and Real-Time Quantitative Polymerase 
Chain Reaction (PCR) was performed using iQ 
SYBR Green Master mix (Bio-Rad, Hercules, 
CA, USA). The expression level of miRNA was 
corrected by actin and analyzed on the CFX96 
Real-Time Fluorescent Quantitative PCR de-
tection system. The volume of fluorescent quan-
titative PCR system was 20 μL, including 10 μL 
2×miRcute Plus miRNA Premix, 0.5 μL forward 
primer, 0.5 μL reverse primer, 2 μL cDNA pro-
ducts, and the remaining volume was complemen-
ted with water. The miR-29a primer sequences are 
shown below: forward primer: 5’-TGCGCTA-
GCACCATCTGAAAT-3’, and reverse primer: 



MiRNA-29a in lung cancer by Inhibiting MTSS1

5533

5’-CAGTGCAGGGTCCGAGGT-3’. Actin ser-
ved as the internal control. Reaction conditions 
included pre-denaturation at 95°C for 15 min, and 
40 cycles of at 94°C for 20 s, and at 60°C for 34 s, 
followed by melting curve analysis. 3 duplicated 
wells were prepared for all samples, and the relati-
ve expression of miR-29a was presented as 2-∆∆Ct.

Detection of Expression Level of 
Metastasis Suppressor 1 (MTSS1) Protein 
Via Immunohistochemistry (IHC)

The paraffin-embedded NSCLC tissues were 
sliced to 5-μm-thick sections which were pla-
ced in an oven at 65°C for baking for 3 h, and 
then the sections were deparaffinized according 
to the standard procedures. After antigen retrie-
val of the tissue sections, the MTSS1 antibody 
(Cell Signaling Technology, Inc., Danvers, MA, 
USA) was dripped on the slide and then incubated 
with horseradish peroxidase-coupled secondary 
antibodies. Next, the Histostain-Plus kit (Invitro-
gen, Carlsbad, CA, USA) was applied for color 
development in accordance with the manufactu-
rer’s instructions. After that, the sections were 
counterstained using hematoxylin with 3,3-dia-
minobenzidine (DAB) as the developer. Phospha-
te-buffered saline (PBS) was used to substitute for 
antibody incubation as the negative control. The 
cytoplasm stained with brown or brown cells was 
positive cells. A semi-quantitative score was made 
from two aspects: 1) staining depth. No staining: 
0 points; light staining: 1 point; Modest staining: 
2 points; Deep staining: 3 points. 2) The percen-
tage of stained cells: no staining cells: 0 points; 
staining cells < 25%: 1 point; staining cells were 
25%-50%: 2 points; and staining cells > 50% were 
3 points. Add these two points to a total score of 0 
or 6. When the score was 0-2, it was negative. >2 
was positive.

Luciferase Assay
MTSS1 wild-type and mutant A549 cells were 

constructed in Guangzhou Gene-Regeneration 
Company (Guangzhou, China). Specifically, 3’-
UTR sequence of MTSS1 was cloned into psi-
Check-2 vector, and several mismatch mutations 
were introduced into the seed sequence to produ-
ce mutation report vector. NSCLC cell line A549 
was cultured in a 6-well plate. PsiCHECK-2 lu-
ciferase reporter plasmid was co-transfected with 
overexpressed miR-29a vector. After transfection 
for 48 h, cells were lysed. The transfection effi-
ciency was measured by double luciferase report 
system Promega E1910 (Promega, Madison, WI, 

USA). The results were determined on Beckman 
Coulter DTX 880 (Brea, CA, USA).

Detection of Cell Invasion Ability 
(Transwell Assay)

Matrigel Invasion Chambers in 24-well plates 
(BD Biosciences, Franklin Lakes, NJ, USA) were 
adopted. 0.75 mL Dulbecco’s Modified Eagle 
Medium (DMEM) containing 10% fetal bovine 
serum (FBS) was added to the lower chamber, 
and suspension with 2×105 A549 cells in 0.5 mL 
DMEM was inoculated into the upper chamber in 
each well. After incubation of cells in a humidi-
fied incubator with 5% CO2 at 37°C for 24 h, the 
chambers were soaked and fixed in 10% formalin 
for 15 min, and the cells were stained with crystal 
violet. The noninvasive cells on the top surface of 
the membrane were removed gently using a cot-
ton swab. After that, the cells with invasion and 
metastasis were counted under a microscope.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

19.0 software (IBM Corp. IBM SPSS, Statistics 
for Windows, Armonk, NY, USA) was adopted 
for statistical analysis of all the results, data were 
expressed as mean ± standard deviation, and t-test 
was performed for comparison of mean between 
two groups. Kaplan-Meier survival curves were 
utilized to analyze the relationship between miR-
29a expression and survival time of NSCLC pa-
tients. The results of the Pearson chi-square test 
were used to indicate the correlation of miR-29a 
expression with the expression level of MTSS1 
protein in NSCLC tissues. p<0.05 suggested that 
the difference was statistically significant.

Results

MiR-29a Expression Levels in Normal 
Lung Tissues and Lung Cancer Tissues 
Detected Via Fluorescent Quantitative 
PCR

There were 55 cases of normal lung tissues 
and 55 cases of NSCLC tissues, of which the 
NSCLC tissues were further classified into stage 
I-IV according to the clinically diagnosed stages. 
The fluorescent quantitative PCR was perfor-
med to measure the miR-29a expression level in 
each group. The results showed that the miR-29a 
expression level in NSCLC tissues was higher 
than that in normal lung tissues (p<0.05), and it 
was elevated with the increasing stage, suggesting 
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that the miR-29a expression level is positively 
correlated with the malignancy of lung cancer 
(Figure 1).

Assessment of Survival Time of NSCLC 
Patients Through Mir-29a Expression

The median survival time of the patients was 
15.1 months in high miR-29a expression group 
and 18.3 months in low miR-29a expression 
group, and the difference between the two groups 
was statistically significant (p<0.05) (Figure 2). It 
suggested that high miR-29a expression predicts 
the poor prognosis of lung cancer patients.

Analyses of Levels of MiR-29a and MTSS1 
Protein in NSCLC Tissues

The fluorescent quantitative PCR and Western 
blotting were performed to detect the expression 
levels of miR-29a and MTSS1 in NSCLC tissues 
and corresponding normal lung tissues, respecti-
vely, and it was manifested that compared with 
those in normal lung tissues, the expression level 
of miR-29a was remarkably increased, while the 
expression level of MTSS1 protein was signifi-
cantly decreased in NSCLC tissues (p<0.05) (Fi-
gure 3).

Expression Levels of MTSS1 in NSCLC 
Tissues and NSCLC Tissues with Liver 
Metastasis Detected Through IHC

IHC was applied to measure the expression 
levels of MTSS1 in NSCLC tissues and NSCLC 
tissues with liver metastasis, and the results revea-
led that the NSCLC was located in the cytoplasm, 
of which the positive cytoplasm was in yellowi-

sh-brown or sepia color (Figure 4). The MTSS1 
expression level in tissues with liver metastasis 
was significantly higher than that in NSCLC tis-
sues, suggesting that the down-regulation ofMTS-
S1expression may be related to the invasive abili-
ty of NSCLC cells.

Correlation Between Expression Levels 
Of MiR-29a and MTSS1 Protein in NSCLC 
Tissues

The expression levels of miR-29a and MTSS1 
protein in 55 cases of NSCLC tissues were analy-
zed, and the results of Pearson chi-square test 
suggested that the miR-29a expression was ne-
gatively correlated with the expression level of 
MTSS1 protein in NSCLC tissues (r=-0.762, 
p<0.05) (Figure 5).

Detection of MiR-29a Target Gene by 
Luciferase Assay

We measured luciferase activity in A549 cel-
ls. As shown in figure 6, co-transfection of A549 
cells with miR-29a overexpression structure si-
gnificantly reduced the luciferase activity of the 
reporter vector containing MTSS1 wild-type 
3UTR, but had no effect on MTSS1 mutant cells, 
suggesting that miR-29a binds to the promoter re-
gion of MTSS1 and inhibits its transcription level 
(Figure 6).

Impacts of Suppressed miR-29a 
Expression on MTSS1 and Invasive 
Ability of A549 Cells

The cell line A549 of NSCLC was selected, and 
the expression of MTSS1 protein was up-regulated 
notably after miR-29a knockdown with inhibitor. 
It was revealed in the results of the transwell assay 

Figure 1. Expression levels of miR-29a in 55 cases of nor-
mal lung tissues and lung cancer tissues with different stages. 
Note: Compared with that in normal lung tissues, *: p<0.05, 
**: p<0.05; compared with that in former stage: #: p<0.05.

Figure 2. MiR-29a expression and survival time asses-
sment of 102 patients with lung cancer.
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and plate clone formation assay that the invasive 
capacity of cell line A549 was decreased signifi-
cantly after miR-29a knockdown (Figure 7).

Discussion

According to the gene screening results of some 
NSCLC tissues and cell lines, numerous miRNAs 
are regarded as oncogenes of NSCLC11. For in-
stance, it is reported that miR-21 can enhance the 

anti-apoptotic and invasive capacity of A549 cel-
ls12, and the overexpressed miR-373 can accelera-
te the growth of xenograft in nude mice by virtue 
of anti-apoptotic pathway13. Some studies have 
demonstrated that miR-29a is an oncogene of 
multiple human cancers. Ahmadi et al14 reported 
that the abnormal miR-29a expression promotes 
the metastasis of melanoma. Zhong et al15 disco-
vered that miR-29a overexpression increases the 
transformation of ovarian cancer cells in vitro and 
invasiveness of the tumor and strengthens the me-

Figure 3. Expression levels of miR-29a and MTSS1 protein in NSCLC tissues and paired normal lung tissues.

Figure 4. Expression levels of MTSS1 in NSCLC tissues and NSCLC tissues with liver metastasis.
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tastasis of ovarian cancer cells in vivo. However, 
there is no report about miR-29a in NSCLC.

In this research, the qRT-PCR was applied to 
detect the miR-29a levels in 55 cases of normal 
lung tissues and NSCLC tissues, respectively. 
The results indicated that the miR-29a expression 
level in NSCLC tissues was higher than that in 
normal lung tissues. Similarly, another two stu-
dies16,17 have revealed that miR-29a expression 

in prostate cancer tissues is markedly higher than 
that in normal prostate tissues. Furthermore, the 
55 NSCLC cases were classified into stage I-III 
according to the clinically diagnosed stages, so 
as to analyze the association of miR-29a with the 
patients’ clinical stage. Of note, we showed that 
the miR-29a expression level was increased as 
the stage of NSCLC became higher, suggesting 
that the miR-29a expression level is positively 
correlated with the malignancy of NSCLC. Cur-
rent studies have demonstrated that some other 
miRNAs have been utilized to predict the patien-
ts’ survival. For example, the levels of miR-187 
and miR-182 in the blood of patients with prosta-
te cancer can be used to predict their prognosis18. 
It was revealed in this research that the miR-29a 
level in NSCLC tissues was associated with the 
survival of NSCLC patients. The follow-up resul-
ts indicated that the median survival time of the 
patients in high miR-29a expression group was 
15.1 months, and it was 18.3 months in low miR-
29a expression group. It suggested that miR-29a 
abundance detected in NSCLC tissues can predict 
the prognosis of the patients.

To explore the regulatory genes and biologi-
cal effects of miR-29ain NSCLC tissues, several 
types of databases (miRDB, microRNA.org and 

Figure 5. Correlation analysis of expression levels of miR-
29a and MTSS1 protein in lung cancer tissues.

Figure 6. Impacts of miR-29a on expression level of MTSS1 protein and invasive ability of A549 cells. A, Knockdown ef-
ficiency of miR-29a verified by fluorescent quantitative PCR and level and variation of MTSS1 protein detected via Western 
blotting, B, Changes in proliferative capacity of cells detected by plate clone formation assay and invasive capacity of cells 
measured by Transwell assay after miR-29a knockdown in A549 cells. Note: Compared with that in control group: *: p<0.05
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TargetScan) were applied to screen and finally 
determine the potential target gene (MTSS1) of 
miR-29a in this research.

MTSS1 was first discovered by Lee et al19 and, 
as a latent metastasis suppressor gene, exists in 
the cell lines of non-metastatic bladder cancer, 
but it is not expressed in the cell lines of meta-
static bladder cancer. MTSS1 is located on hu-
man chromosome 8q24.1 and encodes a 5.3kb 
mRNA, and it is predicted that this polypeptide 
is an actin-binding protein of 356 amino acids, 
which is homologous to Wiskott-Aldrich syn-
drome protein (WASp)20. The analysis on the 
functions of MTSS1 indicates that MTSS1-in-
duced process of actin resembles lamellipodia 
on the plasma membrane, which facilitates the 
disintegration of stress fiber of actin. Moreover, 
the assembly of actin filaments is correlated with 
cytoskeleton structure and many forms of cell 
movement21. The functions of MTSS1 are de-
tected in the cell lines of prostate cancer recently, 
and it is discovered that MTSS1 can significantly 
inhibit the cell migration and proliferation22. In 
addition, it is reported23 that miR-182 down-re-
gulates the MTSS1 expression and promotes the 
metastasis of hepatocellular carcinoma. These 
data manifest that MTSS1 protein plays a crucial 
role in regulating the dynamics of the cytoskele-
ton, so it was estimated that it also exerted vital 
effects in the invasion and metastasis of NSCLC 
cells. Therefore, this research focused on the me-
chanisms of MTSS1 mediated by up-regulated 
miR-29a in accelerating proliferation and indu-
cing invasion and metastasis of NSCLC.

First, the expression levels of MTSS1 in 
NSCLC tissues and NSCLC tissues with liver 
metastasis were measured by means of IHC, and 
the results demonstrated that the MTSS1 protein 
level in NSCLC tissues was markedly higher than 
that in normal lung tissues, and the level in liver 
metastasis tissues was also remarkably higher 
than that in NSCLC tissues. Pearson correlation 
analysis suggested that the miR-29a level had a 
negative correlation with the MTSS1 level. This 
finding confirms that miR-29a and MTSS1 play 
important roles in the biological processes of 
NSCLC tumor. Furthermore, the NSCLC cell line 
A549 was selected, and it was observed that the 
MTSS1 expression was up-regulated notably after 
miR-29a knockdown through miRNA inhibitor. 
Subsequently, the plate clone formation assay and 
transwell assay indicated that the proliferative and 
invasive capacity of A549 cells was decreased si-
gnificantly.

Conclusions

We discovered through this research that miR-
29a is highly expressed in NSCLC tumor tissues. 
MiR-29a can improve the proliferative and inva-
sive capacity of NSCLC cells by repressing the 
tumor suppressor gene MTSS1. Therefore, miR-
29a may become a potential therapeutic target for 
NSCLC.
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